• Expectation can have prolonged effect on pain perception.
Introduction
The role of expectation in pain modulation is studied within several research categories. The first category refers to the placebo effect. For the analgesic effect of some inactive substance to appear it is important that a person experience the matching (conditioning) of real and placebo treatment [1, 2] . The placebo effect is significantly greater and more stable if conditioning is accompanied by expectations of positive outcome [3, 4] , but mere manipulation of expectation also leads to the placebo effect [5] [6] [7] [8] . A positive correlation was found between strength of expectations and the size of the placebo effect [9] , and between the direction of expectation and the direction of placebo/nocebo effect [10] . The effect sizes of placebo analgesia are found to be greater in experimental than in clinical studies [11] which is attributed to more detailed instructions in clinical setting and therefore more specific and stronger expectations of a certain treatment [12] , thus showing the importance of expectations in placebo analgesia.
The second research category refers to the open or hidden manner of drug administration. Unlike hidden drug administration, open administration is accompanied by verbal suggestions regarding its effectiveness. Open administration and verbal suggestions can double the analgesic effect of the drug [13, 14] , but can also completely annul its effect (if the suggestions are negative) [15] . Expectations formed during open drug administration lead to greater drug effectiveness in patients suffering from pain, anxiety or Parkinsons' disease [16] , and influence the effectiveness of different drug-free pain treatments, e.g. acupuncture [17] .
The third research category refers to the examination of the effect of expectation upon the experience of pain, without combining it with either placebo or actual treatment. These studies are mostly experimental, demonstrating that people assess same-intensity stimuli differently, depending on the experimentally induced expectations regarding the characteristics of the stimuli. When expecting a weak, non-painful stimulus, a person's assessment of the received stimulus is lower than when expecting stimulus to be painful [18] [19] [20] [21] . Also, when participants are informed about the incoming stimulus intensity, they assess it as less intense or unpleasant [22] [23] [24] .
Results within all three categories clearly illustrate the role of expectations as a cognitive modulator of pain and suggest practical implications of expectation-based pain modulation for people suffering from acute or chronic pain. Diversity of possible usage of expectations in research and practice makes expectations relevant for further investigation. This was also the reason why we conducted the present study. Between studies in the third research category, dominant are those that manipulate expectations by introducing a signal that suggests the quality of the following stimulus thus leading to the forming of expectation regarding the following stimulus. Those designs are especially eligible when testing the possible physiological basis of the expectation manipulation effect [25, 26] because of the possibility for the exact determination of time frames for the expected stimulus. There is, however, a deficiency of research which manipulates expectations for a longer period of time. If such an effect were found to be true, this would provide the basis for the usage of expectation in different pain treatments such as medical procedures with more than one short pain episode or prolonged pain that varies over time.
Methods

Participants
A total of 192 healthy participants (133 female) aged 18-51 (M = 22.97, SD = 4.55) volunteered to participate in the study. Participants were students and adults that answered adds on social Group 4 n = 47 (15) In groups (1 and 4) expectations were congruent with the intensity of stimulation so these groups are treated as referent. In groups 2 and 3 expectations were not congruent with the intensity of stimulation. The difference between groups 1 and 2 indicates the effect of expectations in lower-intensity stimuli and the difference between groups 3 and 4 indicates the effect of expectations in higher-intensity painful stimuli. The number of male participants is displayed in parentheses.
networks or were recommended by other participants. Students got credits for their participation in the study and, after the data collection was over, all participant received written explanation of their results and general results of the study.
Stimulation
Electrical stimulation (DS5 Isolated Bipolar Constant Current Stimulator, Digitimer Ltd.) was applied to the upper side of the left index and ring fingers, near the fingernail. The size of the electrode was 1 cm 2 . Duration of each stimulus was 1.5 s.
Measurement of participants' pain sensitivity
Measurement was conducted in isolated room of laboratory for psychological research. Participants were alone in the room but experimenter could see them at all times through glass that connected room for measurement with room in which aparates for electrical stimulation were.
The initial measurement was conducted prior to the main experiment for two reasons. The first was to introduce participants to the sensational quality of electrical stimulation. For that reason each participant received three different stimuli (1.96, 3.16 and 3.53 mA). The second purpose was to determine a participant's individual sensitivity to electrical stimulation, which was done in two separate steps. First, participants received a series of 15 different stimuli (intensity range from 2.76 to 3.56 mA) in quasirandom sequence (differences between adjacent stimuli were 0.2 mA). Their task was to assess the pain intensity of each stimulus on a scale from 0 (weak, non-painful stimulus) to 10 (exceptionally strong, non-bearable stimulus). Second, 10 min later, participants were engaged in an electrical pain tolerance measurement. Electrical stimulation started at 1.96 mA and was sequentially increased by 0.2 mA until participants stated they could no longer tolerate pain. Pain tolerance was defined as the maximum stimulus intensity a participant was willing to endure. Based on these two measures (average assessment of 15 stimuli and individual pain tolerance) blocks of similarly sensitive participants were formed to ensure equivalence regarding sensitivity to electrical stimulation.
Design and experimental manipulation
One month later, we conducted the main experiment. There were four independent groups in concordance with the study design ( Table 1 ). The groups differed in (a) expectation manipulation and (b) intensity of stimuli series. Expectation manipulation was primarily conducted through verbal instruction. The first experimental group was told that they would receive a series of lower-intensity stimuli and they actually received a series of lowerintensity electrocutaneous stimuli. The second group was told that they would receive a series of higher-intensity painful stimuli, but they in fact received the same series of lower-intensity electrocutaneous stimuli as the first group. The third group was told that they will receive a series of lower-intensity stimuli, but they in fact received a series of higher-intensity painful stimuli. The fourth group was told that they will receive a series of higherintensity painful stimuli and they actually received a series of higher-intensity painful stimuli. The two groups where the intensity level of the stimuli in the series was in accordance with the verbally manipulated expectations (groups 1 and 4) are considered as referential groups.
To ensure that expectations regarding stimuli intensity would be firmly formed and plausible, in addition to the verbal instruction about the stimuli series, participants also received an initial set of stimuli (congruent with the verbal instruction) prior to measurement. Participants in the two groups that were told they were about to receive a series of lower-intensity stimuli received an initial set of 5 lower-intensity stimuli (range 2.16-3.14 mA), whilst participants in two groups that were told they were about to receive a series of higher-intensity stimuli received an initial set of 5 lower-intensity stimuli (range 2.94-3.92 mA). Participants were told that this was a trial series to prepare them before the real measurement and that the series of stimuli to follow would be approximately the same. For two groups this information was not true since they received trial series congruent with the instruction but not with the intensity of the series (groups 2 and 3). Participants were not informed of the real purpose of the study until the end.
Pain intensity assessments under manipulated expectations
After verbal instructions and 5 trial stimuli, each participant received a series of 24 stimuli. There were 8 different stimulus intensities within a series and each stimulus was presented 3 times in quasirandom sequence. Stimuli were induced at 15 s intervals. The participants task was to assess the intensity of each stimulus on a scale of 1-30 (adapted from Ellermeier and Westphal [27] ). The participants were instructed to first categorize pain intensity of each stimulus within one of three categories (weak pain 1-10; moderate pain 11-20, and severe pain 21-30) and then to "fine tune" the assessment by choosing a number within the selected category. The experimental procedure, including both presentation of 24 stimuli and complementary assessment, lasted about 6-7 min.
Results
Effect of intensity of stimulation
Results of average pain intensity assessments for each of the eight stimuli in all four groups are presented in Fig. 1 . The figure clearly demonstrates a linear trend of average assessments regarding stimulus intensity. We conducted two separate mixed ANOVAs, one for the series of lower-intensity stimuli and another for the series of higher-intensity stimuli. Both analyses tested the possible effect of two factors: expectation congruent/non-congruent with the series intensity (2) and stimulus intensity (8) . The effect of stimulus intensity was statistically significant and large -both for the series of lower-intensity stimuli (F 7,665 = 236.5; p < 0.001; Á 2 p = 0.71) and for the series of higher-intensity stimuli (F 7,651 = 250.2; p < 0.001; Á 2 p = 0.73). The interaction of expectation manipulation and stimulus intensity was not statistically significant -neither for the series of lower-intensity stimuli (F 7,665 = 0.72; p > 0.05) nor for the series of higher-intensity stimuli (F 7,651 = 1.35; p > 0.05). Since no interaction was found, statistical analysis was conducted on the average pain intensity assessments of the entire stimuli series. 
Effect of expectation manipulation on pain assessment
To test the effect of expectation manipulation in a lowerintensity stimuli situation, we compared the average pain intensity assessment obtained by the group whose expectations were congruent with the presented lower intensity of the series (referent group 1) and the pain intensity assessment obtained by the group whose expectations were not congruent (participants expected higher intensity stimuli) with the presented lower intensity of the series (group 2). Pain intensity assessments were significantly higher when participants expected a higher intensity series (see Table 2 ). Analogously, we tested the effect of expectation manipulation in a high-intensity stimuli situation by comparing the differences between groups 3 and 4. Pain intensity assessments were significantly lower when participants expected a lower intensity series. In both cases, expectation manipulation modified assessment of pain intensity -induced by objectively equal intensity series -in the direction congruent with expectation. The effect size for the lower-intensity stimuli situation was almost identical to the effect size for the higher-intensity stimuli situation (see Cohen's d in Table 2 ). To illustrate the relation of expectation more clearly within the same stimulus intensity, we additionally tested the differences between the four groups, but only for the average pain assessments of four stimuli intensities -those presented in all four groups (see square area in Fig. 1 ; the four strongest stimuli in the lower-intensity series were the weakest stimuli in the higher-intensity series -ranging from 2.76 to 3.36 mA). Mean pain intensity assessments for all four stimuli in each experimental situation (group) are shown in Fig. 2 . Differences were tested with a one-way ANOVA, which demonstrated statistically significant differences in mean pain intensity assessments for all four stimuli in each experimental situation (F 3 = 8.65; p < 0.001; Á 2 p = 0.12). Tukey post hoc test showed results congruent with those already observed. There was no statistically significant difference between two referent groups (1 and 4) where expectation manipulation was congruent with presented stimulus intensity. The greatest difference was between the groups 2 and 3 (expecting higherintensity stimuli and receiving lower-intensity ones vs. expecting lower-intensity stimuli and receiving higher-intensity ones). Effect size was large [Cohen's d = 0.94 (15.22 − 9.59)/polled SD]. Additionally, a statistically significant difference was found between two groups that received equal lower-intensity stimuli but different expectations and also between two groups that received equal higher-intensity stimuli but different expectations, but those differences were smaller.
Discussion
The obtained results demonstrate the evident effect of expectation manipulation on pain assessment of the stimuli series. When participants expected lower stimuli then those they actually received, their pain intensity assessment was lower. Also, when participants expected higher stimuli then those they actually received, their pain intensity assessment was higher. Expectation had an equal effect in both lower-and higher-intensity stimulus settings, though in the opposite directions, depending on the direction of expectation. Specifically, the lower-intensity expectation decreased pain assessment to the same degree the higher-intensity expectation increased pain assessment.
The present experimental study differs somewhat in design from former studies because manipulation occurred before a series of stimuli and not before a single stimulus. The results suggest that expectation manipulation affected an entire series of stimuli that lasted about 7 min. This suggests that expectations can affect the pain experience for a period longer than few minutes, which implies a possible use of expectation manipulation before longer treatments in both the research and medical context. In this study duration of set of stimuli was around 10 min so there is a need for further research to see if the same can apply for even longer periods of time. The outcomes of this experimental study are similar to those obtained in studies that examine the difference between hidden and open drug administration. In those cases, expectation effect also lasts for a longer period of time and is general to an extent. The present study also demonstrated a long-lasting general effect, additionally revealing that expectations function in both ways -positive and negative -and that those effects are similar.
The findings of several studies indicate that expectation manipulation induced by signalling the intensity of each incoming stimulus effect not only the perception of pain intensity, but also lead to changes in the cerebral structures involved in processing signals from the nociceptors. Expectations of a higher-intensity stimulus and increase of pain additionally activate the thalamus, prefrontal cortex and anterior cingulate cortex -which leads to higher pain perception, even in non-painful stimuli [28, 29] , whilst expectations of decreased pain additionally lower the activation in those brain areas, which leads to lower pain perception [15, 18, 30, 31] . Results of the present research suggest that obtained expectation effects probably have a real (and physiological) basis, i.e. it is not just a bias in pain perception. The obtained effects were rather stable, clear and quite large. It can be seen specifically from the difference between the two situations where expectations were not congruent with the presented stimuli intensity (groups 2 and 3) which demonstrates that opposite expectations lead to different pain intensity assessments of objectively equal stimulus intensity .
Methodological considerations
In the absence of some objective measures of the nociceptive signals processing level (physiological activation) we tried to come up with a design that will show that the positive effect of expectation is real and not just a perception bias or complying with the experimenter. Painful behaviour is also social behaviour so chances are that participants will behave in the way the experimenter suggests or expects them to behave, especially if he/she gives explicit instructions. To assure greater naivety of participants and prevent them from recognizing the real purpose of the study, we had four independent groups of participants that had minimal chances for communicating and mimicking one another. At the end of the experiment, participants stated their thoughts about what they believed was the real purpose of the measurement and none of them said they believed we were investigating the role of expectations on pain experience.
Potential threat to validity of the obtained results might come from the way stimuli were presented. Namely, psychophysical studies demonstrated that assessment of the single stimulus within a series depends also on the intensity level of the series itself [32] [33] [34] . As we can see from the results of two referent groups, stimuli context probably did not affect the present research. In Fig. 1 we can see an almost identical relationship between stimuli intensity and pain intensity assessments in both groups (one line practically continues from the other); this implies that differences in series intensity did not affect the measurement i.e. that there probably was no stimuli context effect included within the expectation effect.
The range of stimuli intensities used in the present study limits generalization of the obtained findings. We did use intensities within the range from non-painful to painful, but the fact is that the average pain intensity assessment of the highest-intensity stimulus was in the area of moderate pain intensity. This means that we cannot be certain that expectation manipulation would have the same effect if the stimuli, along with associated pain sensation, were more intense. In the present study, the range of stimuli series was chosen based on initial measurement, making sure that difference between the verbal instructions (expectation manipulation) and stimuli intensity was not oversized. We chose not to use very high-intensity stimuli for both ethical and methodological reasons. If we told participants to expect low-intensity stimuli and presented them with very high-intensity stimuli, not only would this be ethically questionable, but also could make participants suspicious of the nature of the study. Although the results may have been even more comprehensive if we included a wider range of stimuli together with a control group that had no previous instructions about stimulus intensity, the present study contributes to pain research by demonstrating the robustness of prolonged expectation effect on pain intensity assessment. Specifically, the fact that expectations in the present study were formed prior to the series of stimuli makes manipulation more natural and more similar to real clinical conditions which increases ecological validity and broadens the practical implications of the present study.
Conclusions
The obtained results imply that expectations can be induced and have effect on pain perception in experimental conditions. Expectation manipulation can achieve the desired effect of decreasing or increasing both slight and more severe pain for a longer period of time (couple of minutes). Results show that when participants expected lower stimuli than those they actually received, their pain intensity assessment was lower. Also, when participants expected higher stimuli than those they actually received, their pain intensity assessment was higher. Expectation had an equal effect in both directions, i.e. the lower-intensity expectation decreased pain assessment to the same degree the higher-intensity expectation increased pain assessment.
Implications for practice
The obtained results imply that expectation manipulation can achieve the desired effect of decreasing or increasing both slight and more severe pain for a period of time of around 10 min. Considering previous findings, demonstrating that medical personnel and their approach towards the patient can decrease/increase pain experience [35] [36] [37] , the results of the present study and all similar ones, can contribute to the design of more efficient medical practice for interacting with patients in pain. The present findings provide a rationale for suggesting pain intensity (primarily lower pain) to patients experiencing pain or patients who are about to undergo some painful medical procedure. A carefully given explanation of what is about to follow together with specific information regarding the length of the stimulus, can significantly affect a patient's pain experience. If we observe Fig. 1 , we can see that stimuli were assessed in congruence with expectation, but also that pain assessment of objectively lower-intensity stimuli preceded by the expectation of higher-intensity stimuli was in fact higher than the assessment of objectively higher-intensity stimuli preceded by the expectation of lower-intensity stimuli. It seems that expectation effect is strong enough to "overcome" even the direct effect of stimulus intensity (at least in the low to moderate intensity range), which suggests potential benefits of verbal instructions even in rather painful stimuli.
It should be noted, when inducing expectations, that one must be careful not to overdo it. Namely, though the present findings suggest expectations about incoming pain should be set to a lower level, setting them exceedingly far from the objective level of stimuli/pain might lead participants/patients to suspect that "something is not right". This might not only annihilate the desired effect but also lead to unintended and potentially harmful consequences -mistrust towards the person conducting a procedure. In the present research, this was avoided by setting lower-and higher-intensity series relatively close to each other (even partially overlapping).
When observing these results in the context of drug effectiveness, the mere knowledge that one receives medication or not (and the expectation of its effectiveness) influences how well the drug will work [38] [39] [40] [41] it may be suggested that a combination of expectation manipulation and administration of real analgesics might additionally ameliorate effectiveness of analgesics. But one should note that this effect goes both ways -if rather low intensity stimuli are preceded by negative expectations (expectations that pain will be sizable) pain assessment can even be greater. This suggests the need for caution when giving instructions for medication or a medical procedure.
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